Background. The objective of this analysis was to evaluate the efficacy and safety of oritavancin compared with vancomycin for patients with acute bacterial skin and skin structure infections (ABSSSIs) who received treatment in the outpatient setting in the Phase 3 SOLO clinical trials.
Despite advances in medical care, acute bacterial skin and skin structure infections (ABSSSIs) remain one of the leading causes of infection-related emergency room visits and hospital admissions [1] . In the United States alone, it is estimated that there are over 3 million emergency room visits and 870 000 hospital admissions annually due to ABSSSIs [1, 2] . Care of patients with ABSSSI places a major financial burden on the US healthcare system, largely due to hospitalization costs. On average, inpatient treatment costs range between $6000 and $10 000 [3] . Data also suggest that a substantial portion of patients with ABSSSI are unnecessarily admitted to the hospital, because most admissions occur among patients in whom comorbidities are absent or few and no systemic signs and symptoms of infection are present [4] . The administration of multiday intravenous (IV) antibiotics constitute the primary reason for admission for many patients [5] . Outpatient treatment of ABSSSI has been estimated to save $2500 to $6500 per patient [3] . Given current US healthcare expenditures for ABSSSIs, it is critical to identify therapies that can safely and effectively shift care from the inpatient to the outpatient setting while ensuring that care can be delivered with minimal patient visits, healthcare resources, and subsequent hospital admissions.
Oritavancin (Orbactiv; The Medicines Company, Parsippany, NJ) is a recently approved IV semisynthetic lipoglycopeptide antibiotic indicated for the treatment of adult patients with ABSSSI caused by designated Gram-positive pathogens, including methicillin-resistant Staphylococcus aureus (MRSA). One 1200-mg dose has been demonstrated to be noninferior to 7 to 10 days of twice-daily IV vancomycin in 2 randomized controlled Phase 3 trials assessing safety and efficacy [6, 7] . Due to its single-dose treatment and no requirement for drug therapeutic monitoring, oritavancin may be an ideal treatment in the ambulatory setting in selected patients. Given the clinical need for meaningful comparative efficacy data on ABSSSI therapies in the outpatient setting, this study compared the efficacy and safety of oritavancin and vancomycin among a subgroup of patients in the Phase 3 SOLO clinical trials who received their entire course of therapy in the outpatient setting.
METHODS

Study Design and Patient Population
The design and overall results of the SOLO I and SOLO II clinical trials are described in detail elsewhere [6, 7] . In brief, these were 2 identical, Phase 3, multicountry, multicenter, randomized, double-blind, noninferiority, and comparative efficacy and safety studies that evaluated a single 1200-mg dose of IV oritavancin compared with twice-daily IV vancomycin (1 gram or 15 mg/kg), for 7 to 10 days in adults with ABSSSI caused, or suspected to be caused, by Gram-positive pathogens.
The SOLO I and SOLO II protocols were originally designed so that patients were hospitalized until assessments of early clinical evaluation (ECE) were completed at 48 to 72 hours after the initiation of treatment (primary endpoint). The protocols were amended (Amendment 2) 5 months into enrollment to allow US patients to complete their entire course of antimicrobial therapy in an outpatient setting at the discretion of the investigator. The studies were conducted in accordance with the 2008 Declaration of Helsinki. Institutional review board or ethics committee approval was obtained at each participating center. All participants provided written informed consent (Trial Registration: https://clinicaltrials.gov/ct2/show/ NCT01252719?term=oritavancin&rank=6, https://clinicaltrials.gov/ct2/show/NCT01252732?term=oritavancin&rank=7).
Per the protocol, acquisition of an ABSSSI site specimen for Gram stain, culture, and susceptibility testing was collected for all patients within 24 hours before initiation of study drug. For abscesses or wound infections, biopsy, needle aspiration, deep swab, or surgically obtained specimens were the preferred methods. For cellulitis patients, punch biopsy of the leading edge of erythema was preferred, but needle aspiration was also permitted.
Clinical Outcome Measures
The primary efficacy endpoint was a composite clinical outcome at ECE at 48 to 72 hours that comprised (1) cessation of spreading or reduction in the size of the baseline lesion, (2) absence of fever, and (3) no rescue antibiotic medication. The key secondary endpoints were investigator-assessed clinical cure at posttherapy evaluation (PTE) and reduction in size of baseline lesion ≥20% at ECE. Exploratory treatment-outcomes analyses were conducted in a variety of subgroups including age, sex, race, weight, body mass index, region, presence of diabetes mellitus, hepatic impairment, immunodeficiency, infection type, baseline renal function (creatinine clearance [CL CR ], presence of S aureus [MRSA vs methicillin-sensitive S aureus vs none]), presence of systemic inflammatory response syndrome criteria, receipt of antibiotics before study drug, IV drug use (IVDU), presence of bacteremia, and fever at baseline.
Safety Assessments
Safety was monitored for an extended follow-up period of 60 days. Safety assessments included vital signs, electrocardiograms, clinical chemistry and hematologic assessments, rates of adverse events (AEs), and rates of serious AEs (SAEs). Treatment-emergent AEs (TEAEs) consisted of AEs that began or worsened in severity at the time of or following the first dose of study drug. As part of safety assessments, frequency and type of TEAEs, time to onset, and duration of (1) all TEAEs and drug-related TEAEs, (2) hypersensitivity and infusion reactions, and (3) infusion site reaction/phlebitis were recorded. Post hoc analyses of occurrences of nephrotoxicity, defined as either a 50% or 0.5 mg/dL increase in serum creatinine, whichever was greater, from initiation of vancomycin to 48 hours postcompletion, and hospital admissions from start of antimicrobial treatment in the outpatient setting to PTE were also performed [8, 9] .
Statistical Methods
All outcome and safety analyses presented were performed on patients who received antimicrobial treatment in an outpatient setting, also known as the outpatient subgroup, in a post hoc analysis. The outpatient subgroup in the current analysis is defined as US patients randomized after Amendment 2, who received antimicrobial treatment exclusively in the outpatient setting. Outcome event rates and 2-sided 95% confidence intervals (CIs) of the difference between event rates for oritavancin and vancomycin were presented based on the outpatient subgroup of the modified intention-to-treat population. Modified intention-to-treat population included all patients who underwent randomization and received either oritavancin or vancomycin. The frequency and severity of TEAEs were presented for both treatment arms using descriptive statistics. Adverse events were recorded regardless of relationship to study drug, coded by Medical Dictionary for Drug Regulatory Activities (MedDRA, version 13.1), and summarized by frequency, severity, relationship to study drug as assessed by the investigator, onset, and duration using the primary system organ class and preferred term.
RESULTS
Outpatient Patient Population and Demographics/Baseline Characteristics
The SOLO studies comprised 1987 randomized patients. The outpatient subgroup described in the current analysis consisted of 792 patients treated in the outpatient setting exclusively (392 in the oritavancin arm and 400 in the vancomycin arm). The outpatient subgroup accounted for 74% of patients enrolled in the United States after Amendment 2 ( Figure S1 ). The majority (74%) of patients in the outpatient subgroup received oritavancin or vancomycin in a nonemergency department outpatient clinic (Table S1 ). The mean daily vancomycin dose was 2.5 grams, and mean duration of vancomycin therapy was 7.5 days. Vancomycin trough levels were assessed for 366 of 400 vancomycin patients; mean trough level was 12.3 mg/L.
Investigator-assessed clinical cure and failure rates at PTE were similar among patients whose initial trough value was ≤10 mg/L, >10-15 mg/L, and >15 mg/L (Table S2) .
Demographics and baseline characteristics for the patients in the outpatient subgroup were similar between oritavancin and vancomycin treatment groups ( Table 1 ). The mean age of patients was 42 years, and most patients were white and male. Infection types were balanced in the oritavancin and vancomycin groups, with approximately 30% cellulitis, 38% abscess, and 32% wound infection. A Gram-positive pathogen known to cause ABSSSI was isolated from 624 patients (79%) at baseline. Staphylococcus aureus was the most common (74%), and MRSA was confirmed in 254 of 461 S aureus patients (55%). The median infection area at baseline was 252.0 cm 2 for the oritavancin group and 257.8 cm 2 for the vancomycin group.
A significant proportion of the outpatient subgroup reported IV drug use (55%), or patients were diagnosed with hepatitis or other hepatic condition (33%) or diabetes mellitus (9%).
Primary and Secondary Efficacy Endpoints in Outpatients
Response rates for the primary composite endpoint at ECE were comparable between treatment groups (80.4% vs 77.5% [difference = 2.9%; 95% CI, −2.8 to 8.5] for oritavancin and vancomycin, respectively). The proportion of patients who achieved a lesion size reduction ≥20% at ECE was 87.0% in the oritavancin group vs 83.8% in the vancomycin group (difference = 3.2%; 95% CI, −1.7 to 8.2) ( Table 2 ). The investigator-assessed clinical cure rates at PTE were 83.4% and 80.5% (difference = 2.9%; 95% CI, −2.4 to 8.3) for oritavancin and vancomycin, respectively. The response rates for the primary and secondary efficacy outcomes were similar between the oritavancin and vancomycin groups across most subgroups with a few exceptions ( Figure 1A-C) . The primary composite efficacy response rates at ECE were significantly different between treatment groups among patients ≥100 kg (85.7% oritavancin vs 73.2% vancomycin; difference = 12.5%; 95% CI, 2.3-26.6). More patients in the MRSA subgroup had a ≥20% lesion size reduction at ECE in the oritavancin treatment group versus the vancomycin treatment group (93.0% vs 84.8%; difference = 9.1%; 95% CI, 2.4-15.8).
Investigator-assessed clinical cure rates at PTE were higher in the oritavancin treatment group relative to the vancomycin treatment group for patients with a wound infection (85.9% vs 74.4%; difference = 11.5%; 95% CI, 1.7-21.2). Differences in efficacy rates between treatment groups by baseline renal function were also observed. Among patients with CL CR ≥90 mL/min, higher primary composite response rates at ECE were observed in the oritavancin group relative to the vancomycin group (82.6% vs 75.3%; difference = 7.4%; 95% CI, 1.3-13.5). Among patients with a CL CR between 60 and 90 mL/min, primary composite efficacy response rates at ECE were lower among patients who received oritavancin versus vancomycin (67.4% vs 91.3%; difference = −20.9%; 95% CI, −35.9 to −5.9).
Safety Outcomes in Outpatients
The incidence of TEAEs was similar between treatment groups; 65.8% of oritavancin patients experienced at least 1 TEAE compared with 69.0% of vancomycin patients (Table 3 ). The number of patients who experienced a drug-related AE, as assessed by the investigator, was lower in the oritavancin group compared with the vancomycin group (32.7% vs 43.3%). Rates of blinded oritavancin/placebo or vancomycin discontinuation due to AEs were similar between the 2 groups (4.8% vs 5.8%). Serious AEs were comparable between treatment groups (6.1% of oritavancin patients vs 6.5% of vancomycin patients). There were no cases of osteomyelitis amongst either oritavancin-or vancomycin-treated outpatients. No drug-related AEs or SAEs were fatal. Time to onset of all TEAEs was identical between treatment groups (median of 3.0 days), whereas median duration of AEs was longer for the oritavancin group than the vancomycin group (3.0 days vs 2.0 days).
The most frequently reported TEAEs (≥2% of patients) were similar between the treatment groups ( Table 3) . Rates of pruritus were lower in the oritavancin group relative to the vancomycin group (3.3% vs 14.0%). The incidence of hypersensitivity was less frequently reported among oritavancin patients compared with vancomycin patients (8.9% vs 22.8%). The median time to hypersensitivity onset was 1 day, and hypersensitivity duration was 3 days for oritavancin group compared with a median time to onset of 1 day and duration of 1 day for vancomycin. Rates of cellulitis (6.1% vs 4.5%), abscess limb (5.1% vs 3.0%), and tachycardia (4.8% vs 2.0%) were higher in the oritavancin arm relative to vancomycin. Of the 392 patients in the oritavancin treatment group, 5 (1.3%) were admitted to a hospital posttreatment, compared with 9 of 400 patients (2.3%) in the vancomycin group. In the 5 oritavancin patients, hospitalizations were related to worsening or progression of index infection and occurred between 3 to 10 days of treatment initiation. In the 9 vancomycin patients, hospitalizations were related to worsening, progression, or nonimprovement of index infection and occurred between 2 to 16 days of treatment initiation.
DISCUSSION
Historically, enrollment for ABSSSI trials has predominately occurred in the inpatient setting. Although these trials have provided invaluable information on the efficacy and safety of new agents, outcomes may be dependent on the setting of care. Cognizant of these issues, this analysis was designed to compare efficacy and safety outcomes in patients who were randomized to receive either a single dose of oritavancin or 7-10 days of twice-daily vancomycin exclusively in the outpatient setting in the Phase 3 SOLO clinical trials.
Overall, approximately 800 US patients received the entire course of oritavancin or vancomycin in the outpatient setting in the SOLO trials post Amendment 2. As one would expect in clinical trials of this size, treatment groups were highly similar at baseline and similar to the overall SOLO population. The median lesion size was in excess of 250 cm 2 , and most patients had associated comorbidities, comparable with other ABSSSI trials where patients were treated entirely in the inpatient setting [10] [11] [12] [13] . Patients with ABSSSI due to S aureus were common in both treatment groups. A total of 254 patients had MRSA at baseline, or 32% of the total patient population in the outpatient subgroup. This constitutes the largest set of MRSA-infected patients studied since revised US Food and Drug Administration guidance was published.
There were a few notable differences between patients managed in the outpatient setting relative to the inpatient setting in the SOLO trials. Compared with the overall SOLO population, the outpatient subgroup was slightly younger, included a higher proportion of white race, more IVDUs, and higher incidence of abscess than the overall SOLO population [6, 7] . Because treatment setting was at the discretion of the investigator, these differences likely reflect physician assessment about which patients may do well in the outpatient setting.
With regards to efficacy, the clinical response rates at ECE and investigator-assessed clinical cure rates at PTE were similar between groups and across various subgroups. As expected, there were a few numerical differences noted between treatment groups in the subgroup efficacy analyses, and most were in favor of oritavancin. It is important to note that the study was neither designed nor powered to evaluate efficacy across these subgroups, and caution should be exercised when interpreting these findings. However, the overall positive efficacy results and subgroup analyses findings with oritavancin relative to vancomycin in this diverse ABSSSI study population reflect the potential ability of oritavancin to shift the site of care from the inpatient to the ambulatory setting for a large portion of patients that present with ABSSSI.
The safety and tolerability profile of oritavancin was also found to be similar to vancomycin in the outpatient setting. Consistent with most Phase 3 ABSSSI trials, a fair percentage of patients had TEAEs and study-related TEAEs. Nausea, headache, and vomiting were the most frequently reported TEAEs with oritavancin. Rates of pruritus and hypersensitivity reactions, 2 important safety and tolerability considerations with use of glycopeptide antibiotics, were considerably lower in the oritavancin group relative to the vancomycin group, whereas rates of cellulitis, abscess limb, and tachycardia were higher. Of note, although cellulitis and abscess reflect the condition being treated, they were also reported as AEs by investigators and therefore included in this analysis for the purpose of transparency. Time to onset of AEs was similar, but duration of AEs was longer in the oritavancin group, a finding that should be explored further. More importantly, less than 5% of oritavancin patients had a TEAE that resulted in study drug/placebo discontinuation, and only 1.3% of patients in the oritavancin group were subsequently admitted to a hospital compared with 2.3% of vancomycin patients.
Although there are challenges to directly extrapolating realworld effectiveness outcomes from Phase 3 ABSSSI trials, there does not appear to be any major safety or tolerability concerns with use of a single dose of oritavancin in the outpatient setting. The rates of hospitalization observed in this trial with oritavancin are also considerably lower than the 30-day readmission rates noted for most institutions among hospitalized patients with a primary admissions diagnosis for a skin infection [14, 15] . This is an important consideration for use given the increasing adoption of this quality metric across US healthcare inpatient facilitates. Several things should be noted when interpreting these findings. The outpatient subgroup from the SOLO trials included only patients in the United States. Although we do not anticipate different findings across different countries, the external validity of the study findings need to be confirmed before they can be applied to patients from other countries, especially those with different capacities for outpatient care for patients with ABSSSI. In addition, this was a randomized, multicenter, double-blind study designed to assess efficacy. To maintain blinding, patients in the oritivancin group were required to return to the outpatient setting twice daily to receive placebo doses, which provided additional follow-up with a healthcare provider and may have inflated the rate of infusion-related reactions and AEs relative to what would be expected with a single-dose in the real world. The real-world implications of a single dose administered in the outpatient setting must be explored, specifically outcomes of patients who do not have daily follow-up visits as well as the potential clinical benefit of guaranteed adherence that single dosing provides. Lastly, only 20% of patients have an initial trough value >15 mg/L (Table S2) , a proportion lower than that reported with nomogram dosing of vancomycin in the inpatient setting [16] . It is important to note that the vancomycin consensus statement does not provide definitive targeted trough recommendations for patients with ABSSSIs [17] . More importantly, investigator-assessed clinical cure and failure rates at PTE were similar among patients whose initial trough value was ≤10 mg/L, >10-15 mg/L, and >15 mg/L (Table S2 ). In addition, the trough values observed in this study are likely reflective of the difficulty of carefully maintaining trough levels in a narrow targeted range in patients treated in an outpatient setting. The intensive therapeutic monitoring that is possible in the inpatient setting may not be viable in the outpatient setting.
CONCLUSIONS
In conclusion, this post hoc analysis shows that a single dose of oritivancin has comparable efficacy outcomes to twice-daily IV vancomycin for 7-10 days in patients who were treated in the outpatient setting. Oritavancin was generally well tolerated, with lower incidences of hypersensitivity reactions and pruritus relative to vancomycin. In addition, very few patients in the oritavancin group required subsequent care in the inpatient setting post-outpatient treatment. Given current US healthcare expenditures for ABSSSI treatment in the inpatient setting, a single dose of oritavancin in the ambulatory setting may represent a treatment option for patients with ABSSSI that can safely and effectively shift care from the inpatient to the outpatient setting, while minimizing outpatient healthcare resource use.
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